The force of flowing water and the resistance of the largest boulder provide a means of evaluation of the stability of rapids in canyon rivers. Field measurements and calculations show that the closure of Flaming Gorge Dam, Utah, has had a significant effect on the stability of rapids in the canyons of the Green River in Dinosaur National Monument 68 km (42 mi) downstream from the dam. The reduction in peak flows by the dam has limited the competence of the river to move boulders deposited in the main channel by tributary processes, landslides, and prehistoric floods. Before the dam was closed, 62% of the rapids were stable, as indicated by the immobility of the largest boulder in each rapid. After the dam was closed, 93% of the rapids were stable as geomorphic/hydraulic features, though small boulders continue to move. A continuing buildup of boulders in the rapids will result from tributary contributions which are not affected by the dam.
INTRODUCTION
The closure of high dams in the American West for irrigation storage, power production, and river flow regulation has resulted in substantial obvious hydrologic and geomorhpic effects upstream from the dam sites. Partial flooding of valleys and canyons, artifically induced sedimentation, and slope destabilization are the by-products of many reservoirs, including those of the Colorado River system. In addition to these expected environmental adjustments, however, the installation of high dams has fostered unforeseen adjustments downstream from the dam sites. Some armoring of the channel floors downstream from the release points of sediment-free waters had been predicted and occurred to a limited extent [Pemberton, 1976] . Changes in water chemistry and temperature have affected aquatic life [Bolke and Waddell, 1975 
METHODS
The analysis of sediment transport by flowing water has been most highly developed for small particles, those that are sand size or smaller [Graf 1970 ]. The DuBoys approach to tractive force [Leliavsky, 1966] , the Shields equation [Baker, 1974] hydraulic processes the method used here is only an approximation to reality. It represents an attempt to estimate broadly the stability of the largest boulder in each rapid by calculating (1) the particle resistance based on friction and buoyancy, (2) the downstream force of flowing water against the particle, and (3) the ratio of force to resistance as a measure of stability. 
where D is the depth of flow. The stability ratio of force divided by resistance is a summary comparison between force and resistance. If the ratio is less than 1.0, resistance is greater than force, and the particle in question is potentially stable. If the ratio is greater than 1.0, the force of flow is dominant, and the particle is potentially unstable. A similar line of reasoning has been followed by Graf[1979a] and Bull [1979] for small particles.
The method can be considered only as a first approximation to the actual forces and resistances because several factors are simplified or eliminated by limitations of the field data. The largest boulder in each rapid is the only particle considered, since the majority of the particles are submerged beneath fastflowing water. The largest boulders are significant, however, because they frequently occupy substantial portions of the channel cross section. Despite these reservations the calculations provide estimates of the forces and resistances in rapids that permit some generalizations concerning potential stability of the features. If the largest particle in a rapid is stable, then the rapid itself is also likely to be stable despite movements of smaller particles. The method specifies a threshold of resistance of the largest particle: if the force of flood waters falls below that threshold, stability of the rapid ensues. The calculations provide a way to evaluate the probable effect on rapids from a reduction in flood flows by determining whether or not the forces involved are changed enough to cross this threshold of stability. It is unlikely that the increasing severity of rapids will become a problem as quickly as the problem of channel-beach erosion. The movement of fine particles is nearly continuous, while the large boulders of the rapids move only occasionally during low-frequency events. For 62% of the rapids, lowering of flood peaks has had little effect because even without the dams, flood flows were not sufficient to move the particles in the main channel. The buildup of these rapids and concommitant increases in white water severity were occurring before the dam closure, so that the dam has not caused the transgression of a process threshold in many cases. From the standpoint of the river manager these rapids would have be- 
RESULTS

Field measurements were made in the canyons of Dinosaur
